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The vertical axis and lateral axis of the right graph are stress ratio (stress divided by static
strength) and strain. This is a typical stress-strain behavior of concrete under compression
fatigue. The dot line (S2) is a stress-strain curve under static loading (just a monotonical
loading) known as a typical stress-strain curve of concrete, while the solid line (F2) is that
under fatigue loading where only the stress-strain relationships in certain number of loading
cycles represented by the numbers in the graph (100, 100,000, 1,000,000 and 1,276400) are
shown. As seen in this graph, strain and unloading stiffness (slope of the stress-strain curves)
of concrete increases and reduces according to the number of fatigue loading cycles. On the
other hand, in general, macroscopic strain and stiffness of steels do not significantly change
in the process of fatigue. This is because damage (cracks) in steel induced by fatigue is quite

local.
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Eq. (1) is a predictive equation for progress ratio of cracks according to the number of fatigue

loading cycles (=da/dN). Eq. (2) is derived from the elastic theory. The stress intensity factor,



AK represents the phenomenon that stress is locally increased as shown in the lower right
figure (The lateral axis is the position and its origin corresponds to the tip of a crack. The
stress in the vertical axis rapidly increases near the tip of crack. It is also called stress
concentration.)

Why is it expressed by stress range?

Stress range is the difference between upper stress and lower stress (see the right figure in
Slide 2). In real, there are several cases that lower stress is not zero such as the effect of dead
loads (e.g. self-weight). Even though live loads by vehicle weight, etc. are not applied to the
structure, self-weight and weight of non-structural members such as bridge railing and
pavements are continuously acted as dead loads. In general, lower stress is determined by
dead loads. It is known that not only upper stress but also lower stress has an influence on the
fatigue behavior. Smaller lower stress (= bigger stress range) is, shorter fatigue life is.

Therefore, fatigue life of steels often expressed by stress range.
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S-N diagram can be obtained from experiments in which stress ratio and stress range are
changed. For example, if we conduct a fatigue loading test with (1) 80% of upper stress ratio
and 20% of lower stress ratio and the specimen is failed at 10,000 cycles of fatigue loading,
the result can be plotted at the point of 80% in the vertical axis and 10,000 in the lateral axis
of the S-N diagram. As the other cases with the same lower stress of 20%, if we conduct (2)
70% of upper stress ratio and 20% of lower stress ratio and (3) 60% of upper stress ratio and
20% of lower stress ratio and the specimens are failed at 100,000 and 1,000,000 cycles of
fatigue loading, respectively, three points can be plotted in the S-N diagram in total. Then,
from a linear approximation of those three plots, we can obtain the fatigue strength equation

for 20% lower stress. (In real, the approximation equation is obtained from huge number of



data much larger than three.)
As seen in the figure, it is known that fatigue life of concrete in water is shorter than that in
air. Presence of water on surfaces of concrete affects its long-term performance under not

only fatigue but also other deterioration factors.
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In the case of steel structures, overall behaviors such as deflection and stiffness does not
change significantly because only one crack is propagated. Therefore, if the crack is not found
in the inspection, it looks that the structure is suddenly collapsed. On the other hand, in the
case of concrete structures, damage progress is easier to be found because a number of cracks
are propagated and other appearance as shown in the next slide also occur. However, there is
arecent report that finding of damage on the top surface of concrete slabs was delayed because

it is hidden by asphalt pavements.
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Punching shear failure is a type of shear failure of slabs. It occurs when the location where a

load is applied is pushed out in a cone shape in the out-of-direction of the slab.



